Introduction
[2] The passive margin of the Eastern Levant basin formed in the Early Mesozoic by the breakup of the northern edge of the African-Arabian plate (Figure 1 ) [Bein and Gvirtzman, 1977; Garfunkel and Derin, 1984; Garfunkel, 1988a] . Three phases of extension and normal faulting thinned the continental crust and produced block-like structures with syn-rift subsidence and sedimentation [Druckman, 1974; Goldberg and Friedman, 1974; Garfunkel and Derin, 1984; Garfunkel, 1988a] . By the Middle Jurassic, passive margin conditions were established and postrift subsidence and sedimentation associated with lithospheric cooling continued. By the Early Tertiary the thermal subsidence decayed to very low rates [Tibor, 1992; Gvirtzman and Garfunkel, 1998 ].
[3] The postrift sedimentation was characterized by a transition from shallow marine sediments over the edge of the Arabian plate to pelagic sediments in the Mediterranean basin. In between, a lithofacial transition zone of shelf edge deposits was formed [Barzel and Friedman, 1970; Cohen, 1971; Bein and Gvirtzman, 1977] . This zone, which is a few kilometers wide, was designated as the ''hinge-line'' ( Figure 2 ) [Gvirtzman and Klang, 1972; Bein and Gvirtzman, 1977; Ginzburg and Gvirtzman, 1979] . Interestingly, this long-lived lithofacial hinge-line representing approximately 100 Ma of shelf-slope transition disappeared after the Turonian and is not noticed either in the Senonian Mount Scopus Group, or in the Eocene Avedat Group.
[4] The Senonian-Eocene sedimentation pattern was mainly controlled by the Syrian Arc folding, which represents the Late Cretaceous convergence of the African-Arabian plate northward toward the Alpine Orogenic belt. This had introduced a compressional stress regime into the Arabian Plate, resulting in folding and reverse faulting (Figure 1 ) [Flexer, 1968; Eyal, 1996; Garfunkel, 1998 Garfunkel, , 2004 .
[5] After the main phases of folding and after a long period of relatively slow subsidence, sedimentation of the Levant margin was renewed in accelerated rates. This subsidence was accompanied by inland uplifting, erosion, and clastic supply into the Mediterranean basin. The Saqiye Group that accumulated during that period thickens from zero approximately fifteen kilometers east of the presentday coastline, to 1500 m along the coastline, and to more than 2000 m in the present-day shelf [Gvirtzman, 1970; Gvirtzman and Buchbinder, 1978] . Offshore Central Israel a local basin with 2500 m thick sediments was formed (Jaffa Basin [Gvirtzman et al., 2008] ).
[6] In addition, during the Miocene, some magmatism occurred in the central coastal plain [Gvirtzman, 1970; Steinitz et al., 1978] . Such magmatism, as is present in a number of wells, transpired $100 Ma after the Early Cretaceous magmatic phase [Garfunkel, 1988a; Gvirtzman and Garfunkel, 1998 ] and $150 Ma after the continental breakup and formation of the passive margins.
[7] What has caused the renewed magmatism, inland uplifting, and accelerated subsidence of the Levant margin? Tibor and his colleagues [Tibor, 1992; Tibor et al., 1992] focused on the flexure produced by the heavy load of the Nile River, more than 4 km thick. They postulated that the bowl-like structure formed in this way caused the Levant continental margin to subside and possibly contributed to the uplifting of the Judea Hills [Tibor, 1992; Tibor et al., 1992] . Garfunkel [1988a] . Location of Syrian Arc structures taken from Garfunkel [1988b] . (b) Present-day topography of Israel [Hall, 1993] with geographical areas of interest. [8] Such a model does not require renewed tectonism to explain the observations; rather it relates the sedimentation patterns found in the Israeli coastal plain to sedimentary loads a few hundred kilometers to the west. However, this model fails to explain the fact that acceleration of subsidence at the continental margins and the inland uplift of the Judean Hills began much before the Pliocene. Thick Oligocene and Miocene sections, which compose the Lower Saqiye Group, indicate that the enhanced sedimentation began much before the Pliocene. In addition, ancient Miocene shorelines which have been associated with river fans and conglomerates covering the Early Middle Miocene Ziqlag Fm. indicate that much before the Pliocene the Judean Hills were sufficiently uplifted to be eroded and incised by rivers [Buchbinder et al., 1993] .
[9] An alternative explanation for the renewed subsidence of the continental margin during the Tertiary is the renewal of tectonic activity. In fact, Tertiary faulting was first suggested in the 1970s. On the basis of well data and on poor quality seismic material, Gvirtzman [1970] and Gvirtzman and Klang [1972] mapped a series of N-S longitudinal faults in the subsurface of the coastal plain that displace Oligocene and Early Miocene sediments ( Figure 2 ). Twenty years later, with the release of an abundant amount of seismic material, such faults were identified in the central and northern coastal plain. To the south, these faults were recognized as displacing the HaShephela Group (Senonian-Eocene) but not displacing younger sediments [Fleischer et al., 1993] . Gelberman [1995] , on the other hand, marked several faults as displacing the Pliocene Yafo Fm. but not reaching the surface.
[10] The question of Tertiary faulting in the Levant margin was raised again when offshore seismic data clearly showed faulting of the Plio-Pleistocene sediments. Two basic interpretations have been proposed to explain the origin of these faults. One group of researchers raised the possibility of recent tectonic activity [Neev et al., 1976; Mart et al., 1978; Ben-Avraham, 1978; Mart, 1982] . The slump complexes noticed along the coastal plain were thus suggested to have been caused by the accelerated subsidence of the eastern Mediterranean since the Pliocene [Neev et al., 1976] .
[11] On the other hand, Garfunkel and his collaborators [Garfunkel et al., 1979; Garfunkel, 1984; Garfunkel and Almagor, 1985] suggested that the slump complexes and a number of huge disturbances along the Southeast Mediterranean coast all express thin-skinned tectonics caused by halokinetics. According to this interpretation, the Messinian evaporites act as a lubricant detachment surface for the sediments above allowing them to slide into the basin.
[12] Evidence to this has been shown in seismic reflection surveys in which the Messinian evaporites (defined in seismic reflection surveys as ''reflector M'', 1 in Figure 3) are displaced by faults that do not penetrate deeper reflectors [Garfunkel et al., 1979; Garfunkel, 1984; Garfunkel and Almagor, 1985; Ben-Gai, 1996; Ben-Gai et al., 2005] . Detailed studies of salt motion in the Eastern Mediterranean and its associated processes were recently published by Bertoni and Cartwright [2005 , Gradmann et al. [2005] , Martinez et al. [2005] , and Netzeband et al. [2006] .
[13] Regardless of the controversy about the nature of the Plio-Pleistocene faulting offshore (thin-skinned or deepseated tectonics), the possibility of Tertiary faulting arises from the existence of a vast amount of faults throughout the Israeli coastal plain that displace the Upper Cretaceous Judea Group, and are covered by an undisrupted Pleistocene section. These faults are evident on the structural map of the top of the Turonian (Figure 2 ) [Fleischer and Gafsou, 2003] .
[14] When did these faults formed? Faults marked in red ( Figure 2 ) are generally associated with the ''Syrian arc,'' as they were defined as reverse faults and they are of a general direction of NE-SW. The remaining faults, marked in black and interpreted by Fleischer and Gafsou [2003] as normal faults, have two general directions, E-W and N-S. These faults do not coincide with the active faults associated with the Dead Sea Transform as marked by Bartov et al. [2002] . Can such faults be tied to the compressional Syrian Arc stress regime? If not, when were they formed?
[15] The numerous amounts of unexplained post Turonian normal faults along with the Late Tertiary renewal of subsidence, lead us to explore the possibility of tectonic reactivation along the passive margins of the Southeast Levant. This paper reexamines seismic data from the Israeli coastal plain in order to check the possibility of Late Tertiary faulting. In what follows we reveal a 200-400 m high step buried under Pliocene sediments. This step forms a 70 km long lineament running along the coastal plain south of Mount Carmel.
Stratigraphy and Seismic Interpretation
[16] A number of seismic reflectors are evident in the coastal plain stratigraphic column (Figure 3) [Fleischer, 2002] . (1) [Fleischer and Gafsou, 2003] . Miocene faults postulated by Gvirtzman [1970] are marked by dashed black lines. Early Mesozoic depositional hinge-belt mapped by Bein and Gvirtzman [1977] is marked by diagonal grey lines. The lineament mapped in this paper is marked by the orange line. [17] It is apparent from the data analyzed in this study and from data gathered and reviewed from previous studies [Gvirtzman, 1970; Gvirtzman and Klang, 1972; Gelberman, 1995; Gardosh, 2002; Fleischer and Gafsou, 2003 ] that the hinge-line acts as a distinct boundary between two provinces with different stratigraphic nomenclature and different seismic characteristics. The Kurnub and Judea Groups (Berriasian-Turonian) east of the hinge-line form subhorizontal reflectors, whereas the Gvaram and Talme Yafe formations form clear westward dipping reflectors.
[18] The lower part of the Kurnub Group bounded by reflectors 5 and 7 was divided to the Telamim, Heletz, and Gvaram formations, whereas the equivalent sediments west of the hinge-line were generalized as one unit named the Gvaram Formation. In areas where the transition from the Telamim and Heletz Formations to the Gvaram Formation is vertical, an additional reflector 6 is used. This reflector is limited to certain areas within the facies hinge belt ( Figure 3 ).
[19] Geological interpretation of seismic reflectors in the vicinity of the hinge-line is difficult due to the abrupt changes in the sedimentary facies. Such facies changes cause lateral gradients in the seismic velocity, thus complicating the coherency and continuity of the seismic reflectors. In this area, the validation of faults, which depends on identifying correlative reflectors in both sides, is thus problematic, as will be discussed below.
Data
[20] The seismic data used in this study (gray lines in Figure 4a ) consists of numerous single and multi channel 2D seismic reflection lines. These lines, which were mainly acquired for hydrocarbon exploration, are distributed irregularly throughout onshore and offshore Israel. Certain areas of the coastal plain have a dense network of seismic lines, while others are scarce. The offshore data set was acquired in 1983 and covers a vast part of the Southeast Levant basin. The 52 2D seismic lines which make up the offshore survey trend approximately perpendicular and parallel to the Israeli coastal plain, and are spaced $10 km from each other. The quality of this stacked time series is generally good, despite being acquired with 120 channels. Seismic reprocessing and interpretation were controlled by a vast number of oil and gas wells. Many of these wells contain geophysical logs, velocity surveys, and a detailed description of the lithology. For wells with velocity data, formation tops and wireline geophysical logs were converted to time.
Results

Base Pliocene TWT Map
[21] The Base Pliocene horizon is a distinct marker, which continuously crosses the Mesozoic depositional hinge-line. Along the present-day coastline and westward, Pliocene sediments of the Yafo Fm. (Upper Saqiye Gr.) lie conformably on the Messinian evaporites. A few kilometers eastward these sediments unconformably cover Miocene and Oligocene units (Lower Saqiye Group) and in the hinge belt they directly cover Upper Cretaceous sediments of the HaShephela and even the Judea Group [Gvirtzman, 1970] .
[22] A two-way traveltime (TWT) map to the base Pliocene horizon was prepared based on both continental and marine seismic lines (Figure 4a ). This map, which greatly resembles the Base Pliocene map recently published by Bertoni and Cartwright [2006] , reveals a steep relief that existed offshore Israel 5 Ma ago. This relief was last shaped during the Messinian crisis when the Mediterranean Sea dried up [Hsu et al., 1973 [Hsu et al., , 1978 , and the continental slope was deeply incised by rivers [Gvirtzman, 1970; Gvirtzman and Buchbinder, 1978; Druckman et al., 1995] .
[23] Offshore, a clear lineament approximately coinciding with the present-day continental slope is prominent. This ''cliff'' drops 1.3 s upon a distance of less than 20 km. This lineament has been mapped intensively in the past; it has been named the ''Pelusium line'', and has been related to different geological stress regimes and different periods of activity [Neev et al., 1976 [Neev et al., , 1982 Gardosh, 2002; Gardosh and Druckman, 2006; Gradmann et al., 2005; Netzeband et al., 2006; Gvirtzman et al., 2008; Schattner and Ben-Avraham, 2007] . The general trend of this steep cliff is NE-SW extending from the Sinai Peninsula until at least the northern edge of the offshore data set.
[24] Onshore, an additional lineament can be noticed, generally trending N-S. This lineament, which is thoroughly described below in a number of seismic surveys and geological cross sections, is considerably shorter than the offshore lineament and can only be noticed throughout the central and southern coastal plain (south of Mt. Carmel).
[25] To further examine the onshore lineament depth conversion of the TWT map was performed and a slope map was derived (Figure 4b ). This was performed for the onshore surveys based on a constant P wave velocity of 2000 m/s and on the neglection of the thin Quaternary section overlying the Yafo Fm. This value is based on velocities of the Yafo Fm. in wells of the coastal plain which varies between 1790 to 2380 m/s depending on its thickness [Klang, 1966 [Klang, , 1984 Gelberman et al., 1980] . The slope map emphasizes the coastal plain lineament which is 70 km long and 200 -400 m high, forming a step up to 40°steep.
[26] The northern edge of the costal plain lineament seems to obliquely converge with the offshore lineament opposite the city of Petah Tikva. An additional change of direction can be noticed on the southern edge of the mapped lineament (Figure 4 ), but differing from the northern edge, the change in direction here expresses the buried Neogene Afiq channel [Buchbinder et al., 1993] , which drains to the west.
[27] Since lineaments are frequently produced by faults, many available seismic profiles crossing this lineament were reexamined. In the following sections profiles from two areas along the onshore lineament will be analyzed in detail. [28] The structure of this area can be seen in the geological cross section of Figure 5 and in seismic profile MI-2119 of Figure 6 . The center zone is the ascended Heletz block, which has been penetrated by numerous wells in the vicinity of the Heletz oil field. Throughout this block, the reflections are weak, incoherent, and convex. To the east, they are stronger and subhorizontal. To the west, they are strong and dip westward.
[29] The Base Pliocene reflector (purple), resembling the above mentioned unconformity, gradually covers older units to the east, reaching the Albian Yagur Formation in the Heletz block. The Base Late Eocene (blue) reflector is only present west of the Heletz block. The Base Senonian (green) and Top Albian (orange) reflectors are only recognized east of the Heletz block. The Base Albian (red; Top Telamim Fm. which changes laterally to the Top Gvaram Fm.), can be followed throughout the entire profile, as does the Top Jurassic (light brown), Top Qeren Fm. (blue), and the Top Triassic (violet). The yellow reflector which is only present east of the Mesozoic hinge-line is recognized in the Heletz block and to the east.
[30] The eastern fault of the Heletz block has been intensively mapped in many studies [e.g., Gelberman, 1995; Fleischer and Gafsou, 2003 ]. This fault displaces reflectors above the Top Jurassic and younger reflectors upwards relative to the eastern zone, whereas deeper reflectors are displaced downward (Figures 6 and 7) . This has been interpreted by Gardosh and Druckman [2006] as a result of two faulting phases. During the Early Mesozoic rifting, which formed the Levant continental margin, this fault was active by normal, down to the basin motion, lowering the Heletz block relative to the eastern block by more than 1700 m. Afterward, in the Late Cretaceous, during the Syrian Arc compressional regime, this fault was reactivated in reverse motion elevating the Heletz block relative to the eastern block by almost 500 m. The reversal of motion along the Eastern Heletz fault resulted in the current situation where the Top Jurassic and younger reflectors in the Heletz block are 500 m higher relative to the eastern block, whereas deeper reflectors are lower approximately 1200 m.
[31] The western fault, which is the focus of this study, has not been previously mapped, though the existence of Miocene faults along the coastal plain has been postulated by Gvirtzman [1970] based on geological considerations (thick dotted lines in Figure 2 ). Our interpretation (Figures 6 -9) , based on the reexamination of the seismic data, confirms the existence, location, and sense of motion of at least one fault postulated by Gvirtzman [1970] ; although the age of the faulting might be a bit younger. Differing from the East Heletz fault, here displacement is noticed up to the Base Pliocene. Reflectors above the Base Pliocene do not seem to be faulted, although some folding can be noticed (Figures 6-9 ). Such folding in the ductile Pliocene sediments of the Yafo Fm. can be considered extensional force folds [Withjack et al., 1992] , as documented in the vicinity of the Suez rift [Garfunkel and Bartov, 1977] . This perhaps indicates that the western fault of the Heletz block may have still been active during the Pliocene. However, no evidence from the seismic data presented here, or from numerous mapping studies along the coastal plain [e.g., Sneh et al., 1998 ] suggest that this fault or any other fault in the direct vicinity reach the Quaternary sections or is still active today.
[32] Survey DS-0801 was reprocessed in an attempt to enhance the coherency of the reflections in the central zone, and reveals details not seen in other profiles (Figure 8 ). Westward dipping clinoforms can be noticed in the Yafo Fm. as it approaches the Pleistocene Kurkar Gr. near the shallow parts of the seismic sections. Onlap relations can be noticed in the contact between the Lower Saqiye Gr. (blue reflector) and the underlying Talme Yafe Fm. Thickening of the Lower Cretaceous Gvaram Fm. is noticed on the west part of the profile on account of the truncated Upper Jurassic strata. This truncation is part of a large Early Cretaceous erosive phase that produced a huge canyon across the continental margins [Cohen, 1971; Gelberman, 1995; Rosenfeld and Hirsch, 2005] .
Central Coastal Plain: Petah Tikva
[33] The structure of the Petah Tikva area as seen in the geological cross section of Figure 10 and in seismic profile DS-0670 ( Figure 11 ) contains a syncline and a faulted anticline. The anticlinal-synclinal structure is well known and has been related to the Syrian Arc stress regime while the normal fault, locally known as the Zafaria fault, has also been previously recognized [Reiss and Gvirtzman, 1962; Gil, 1965; Fleicher and Gafsou, 2003 ], but was never explained with a general tectonic framework.
[34] Differing from the southern coastal plain, the transition from platformal to pelagic sediments in the Petah Tikva area occurs to the west of the Zafaria fault, making seismic interpretation easier. Reiss and Gvirtzman [1962] and Gil [1965] acknowledged the presence of this fault based on analysis of well data and preliminary seismic data. They suggested a vertical displacement of 100-150 m which does not differ significantly from the structural map published 40 years later (Figure 2 ) [Fleischer and Gafsou, 2003 ] that relates $200 m vertical displacement of the Top Judea Gr. horizon. This map, which is based on an abundant amount of seismic data, also shows a reverse fault with a general direction of N40E bounding the Petah Tikva anticline to the east.
[35] Survey DS-0670 was reprocessed in an attempt to reassure the presence of the Zafaria fault and reestimate its vertical displacement, with an emphasis on the influence of lateral velocity changes. The interpreted and uninterpreted migrated time sections are presented in Figure 11 . Indeed, the quality of the survey was improved, and the reflectors below the area of lateral velocity changes seem to be disrupted and incoherent. Between offsets 6000 m and 11,000 m, weak reflectors are folded. A reverse fault bounding the anticline to the east, previously marked by Fleischer and Gafsou [2003] , is difficult to identify. The Zafaria fault, on the other hand, breaks the west flank of the anticline and displaces the Base Pliocene marker by $200 milliseconds, which is approximately equivalent to 200 m (based on constant velocity of 2000 m/s). This interpretation is consistent with the Top Judea Gr. structural map [Fleischer and Gafsou, 2003] .
[36] To the west of the Zafaria fault, the Lower Saqiye Gr. thickens including a thick column of volcanic flows. These flows, commonly know as ''National Park Volcanics,'' have been found in a number of wells, and are clearly identified by their strong and short wavelength magnetic anomalies [Rybakov et al., 1997] , and are also evident in seismic profile DS-0670.
Discussion
Coastal Plain Lineament
[37] Seismic lines presented here show that the lineament in the Base Pliocene time map coincides with a down to the west fault. However, due to the poor quality of the onshore seismic data and due to the presence of steep lateral seismic velocity changes across the interpreted profiles, we realize that one can doubt the uniqueness of the suggested interpretation. In light of this difficulty +we explore an alternative explanation for the origin of the coastal plain lineament and show that it is unlikely.
[38] The convergence of the lineament discussed here and the Mesozoic shelf edge that disappeared after the Turonian and was revived in the Miocene (Figure 12 ) raise the possibility that the topographic step at the base of the Pliocene is not a fault scarp, but was originated by depositional processes along the ancient continental slope which remained in tact for $170 Ma. According to this explanation the absence of Late Cretaceous and Early Tertiary sediments, depicted as a blue strip in Figure 12 , can be related to sediment instability along the same continental slope.
[39] In our opinion, this explanation is not reasonable for a number of reasons.
[40] Assuming that the 200 -400 m high step buried under Pliocene sediments is the edge of a Miocene shelf (reef front), we would expect the lineament to follow the mapped shelf edges north of Petah Tikva. However, Figure 12 shows that the northern edge of the lineament veers to the NNW, coinciding with the blue strip where Senonian-Middle Miocene sediments are absent. Similarly, if the absence of Senonian to Middle Miocene sediments along the study area express a steep and unstable continental slope that could not accumulate sediments for 70 million years we, again, would expect the strip of missing sediments to follow the Mesozoic shelf edge north of Petah Tikva. Why does it veer to the NNW? Moreover, why are these sediments present north and south of the Base Pliocene lineament?
[41] Kenter [1990] and Schlager and Camber [1986] compared more than 20 examples of fossil carbonate platform systems with slope angles ranging from 2°to 40°establishing relationships between slope angle, slope height, and sediment fabric. They concluded that grainsupported fabrics can build slope angles varying from 12°to 40°, while mud-supported fabrics may yield slope up to 15°. Wackestones and floatstones may also build slopes up to 15°, while mudstones can only yield slopes of up to 5°.
[42] Accordingly, the shallow carbonates composing the Upper Cretaceous Judea Group and the Miocene Ziqlag Formation may have had steep slopes, whereas the chalky Senonian-Eocene sediments as well as the marly Oligocene sediments did not. Therefore the presence of SenonianMiocene sediments north and south of the area studied here indicates that the continental slope was not so steep then.
[43] In contrast with these difficulties, our explanation for the elongated step at the base of the Pliocene is geologically reasonable. First, a fault scarp is the simplest and most common explanation for elongated steps at the surface of the Earth. Second, postulating that Senonian-Miocene sediments were originally deposited throughout the entire coastal plain, we suggest that at least part of these sediments were eroded toward the end of the Miocene or during the Early Pliocene along the steep cliff formed by faulting. The seismic lines previously presented further support this explanation.
Relationship Between Late Tertiary and Earlier Truncations
[44] The absence of Senonian-Middle Miocene sediments and possibly the Turonian Bina Formation on the descended block of the Zafaria fault, which was not eroded during faulting, indicate that at least part of the erosion, occurred before the Late Tertiary faulting. This erosion is probably associated with the truncation of the Petah Tikva anticline during the Syrian Arc folding [Reiss and Gvirtman, 1962; Gil, 1965; Flexer, 1968] .
[45] At this stage, however, differentiation between Late Cretaceous and Late Tertiary erosion is difficult to assess, because of several uncertainties. The main uncertainty is related to the original spatial distribution of the syn-tectonic Senonian-Eocene sediments [Flexer, 1968] , which are dif- Figure 5 . Geological section across the Southern coastal plain (location in Figure 2 ). The elevated Heletz block is bounded by an eastern fault mapped by Fleischer and Gafsou [2003] , and a western fault coinciding with both a Miocene fault mapped by Gvirtzman [1970] and the lineament mapped in this study. Inset map includes wells, seismic lines, and cross section displayed on the Top Judea Gp. Structural map [Fleischer and Gafsou, 2003] . Figure 2 ). Inset map includes wells, seismic lines, and cross section displayed on the Top Judea Gp. Structural map [Fleischer and Gafsou, 2003 ].
ficult to reconstruct in large parts of the country. In addition, the original thickness of Cenomanian-Turonian carbonate is also unclear. These sediments are missing in the vicinity of the hinge-line, but reappear scarcely in certain areas offshore. In the offshore Yam Yafo oil well, for instance, they are 290 m thick [Fleischer and Varshavsky, 2002] .
[46] In spite of these difficulties, Figure 13 schematically presents three stages in the development of the Petah Tikva region. At the end of the Turonian the long-lived passive margin structure of the Levant was still undisturbed and thickness variations were controlled by sedimentary processes. During the Syrian Arc folding the Petah Tikva anticline was formed and its crest was truncated. In the Late Tertiary that anticline was crosscut by a fault and its elevated eastern part was further eroded. Finally, in the Pliocene the entire region was tilted westward and buried by Nile-derived sediments.
Regional Implications
[47] The prolonged (>150 Ma) passive history of the Levant continental margin has been well documented in numerous studies published over several decades. However, the findings of this paper, along with the several other findings that have been recently published, indicate a renewal of tectonic activity throughout the Levant margin during the (Mid?) Late Tertiary.
[48] As was described in the introduction a number of significant changes occurred in the (Mid?) Late Tertiary. Subsidence and sedimentation rates increased after a long period of gradual decay; The long-living shelf-slope transition zone revived itself after almost 70 Ma; Inland uplifting and specifically the uplifting of the Judea Hills began leading to massive erosion and clastic supply into the Mediterranean basin; and magmatism resumed after a long break ($150 Ma).
[49] Gvirtzman et al. [2008] suggest that two parallel fault systems forming steep structural steps were either formed or reactivated at that time separating the Levant basin and the continent. This activity was associated with the accumulation of a $4 km thick section in the Levant basin and a 2.5 km thick section in the Jaffa basin, offshore central Israel. According to Gvirtzman et al. [2008] this activity is related to the Arabia-Africa breakup.
[50] The fault described here coincides approximately with the eastern fault system postulated by Gvirtzman et al. [2008] , though its vertical throw is much smaller. Regarding the western fault, modern 2D seismic lines confirm the existence of pre-Messinian faults along the continental margin that spatially correspond to the zone of discontinuity (3 in Figure 14 ) previously named the Pelusium Line [Neev et al., 1976 [Neev et al., , 1982 . Dating the activity along this fault zone has been indecisive. Gardosh [2002] dated this fault system to the Jurassic-Triassic continental breakup; Gardosh and Druckman [2006] relate this system to have been active during the Late Cretaceous Syrian Arc deformation. Gvirtzman et al. [2008] relate most of the activity to the Late Cretaceous (Syrian Arc), but show that additional displacement occurred during the Early Neogene. Gradmann et al. [2005] and Netzeband et al. [2006] argue that this fault zone is a currently active strike-slip system.
[51] In addition to these parallel fault systems (5 in Figure 14 ), a small local graben, south of Mt. Carmel, preserving a complete Oligo-Miocene section hints to syndepositional Miocene faulting [Gvirtzman et al., 2005] . Further to the north, in the Yizreel valley and along the Carmel fault (6 in Figure 14) , extensional tectonics occurred in the Early Miocene [Shaliv, 1991; Matmon et al., 2003] , and according to Schattner et al. [2006] this extensional activity continued the rifting activity along the Sirhan valley (located to the east of the Dead Sea transform), simultaneously with the Suez rifting and prior to the left lateral motion along the Dead Sea transform (Figure 14) .
[52] The general picture that evolves is that coeval to the breakup of Arabia from Africa, the Levant margin began to deform. According to the synthesis offered by Bosworth et al. [2005] the main events that accompanied the breakup of Africa and Arabia are: at 31 Ma the Afar plume became active; At 27 Ma rifting began in the Gulf of Aden and the Eritrean Red Sea; At 24 Ma the rifting extended to the north through the Red Sea and reaching the Suez; At 14 Ma a transform boundary cut through Sinai and Levant margin, linking the Red Sea and the Zagros convergence zone, and resulting in a new plate geometry; At 10 Ma a rift-drift transition occurred in the central Gulf of Aden; and at 5 Ma the rift-drift transition propagated into the south-central Red Sea as oceanic spreading moved westward throughout the Gulf of Aden.
[53] The specific findings of this paper correlate with the events that occurred during the Miocene-Pliocene transition ($5 Ma). Accompanying the rift-drift transition in the central Red Sea and the initiation of the oceanic spreading center in the Gulf of Aden is a shift in the Eulerian pole of relative plate motions [Garfunkel, 1981] . This shift induced a small component of transverse extension along the Dead Sea transform that became a leaky plate boundary with well developed rhomb shaped grabens; also, this accelerated the rate of plate relative motion [Garfunkel, 1981] .
[54] In the stratigraphic column, the Miocene-Pliocene transition is marked by regional unconformities both in the Red Sea-Gulf of Aden region and in the Mediterranean Sea. In the Mediterranean this unconformity also marks the Messinian desiccation event [Hsu et al., 1973] , that caused a quick drop in sea levels and dramatic incision of rivers along the Levant continental margin [Gvirtzman, 1970; Buchbinder, 1975] .
[55] These Miocene-Pliocene unconformities correlate with a westward tilting of the margin, which has been related to the heavy load of the Nile sediments [Tibor, 1992; Tibor et al., 1992] , although recent studies have shown that the uplifting and tilting occurred during the Miocene-Late Miocene [Netzeband et al., 2006; Avni et al., 2007] , before the Nile load accumulated. This period also correlates with a transition from subduction to continentcontinent collision along the East Anatolian fault zone as the tectonic setting shifted from a fold/thrust belt to transtension, and with the evolution of the Latakia basin (1 in Figure 14 ) [Hall et al., 2005, and references therein] .
[56] An in depth synthesis of all of the processes mentioned above is out of the scope of this paper. What has been emphasized here is that in the context of plate reorganiza- Figure 14 . Simplified tectonic map of the Eastern Levant basin. Plate boundaries taken from Garfunkel [1988a] , Bosworth et al. [2005] , Robertson [1998], and Hall et al. [2005] . CA, Cypriot Arc; DST, Dead Sea Transform; EAF, East Anatolian fault. Syrian Arc structures from Garfunkel [1988b] ; Sirhan Rift from Schattner et al. [2006] ; 1, Latakia basin from Hall et al. [2005] ; 2, Jaffa basin from Gvirtzman et al. [2008] ; 3, continental slope deformation zone from Neev et al. [1976] , Gardosh and Druckman [2006] , Gvirtzman et al. [2008] , and Netzeband et al. [2006] ; 4, coastal plain fault, current study; 5, Sharon Graben from Gvirtzman et al. [2005] ; 6, Carmel-Gilboa fault system from Bartov et al. [2002] and Schattner et al. [2006] ; 7, Area of Miocene volcanics from Gvirtzman [1970] , Rybakov et al. [1997] , and Fleischer and Varshavsky [2002] . tion and vertical motions, a 70 km long fault was formed in the Israeli coastal plain during the Late Miocene or Early Pliocene.
Summary and Conclusions
[57] (1) The TWT map of the Base Pliocene horizon reveals clear lineaments both onshore and offshore Israel. This paper focuses on the onshore lineament.
[58] (2) The coastal plain lineament, south of Mt. Carmel, is an elongated step, 70 km long and 200 -400 m high. This step is now buried by Pliocene sediments.
[59] (3) Seismic profiles and geological cross sections perpendicular to this lineament suggest that this lineament is a fault scarp.
[60] (4) This fault was possibly active during the Late Miocene and/or Pliocene.
[61] (5) The elevated side of the fault was eroded before its burial, however, a quantitive distinction between this erosion, earlier truncations, and original hiatuses, is not possible at this stage.
[62] (6) In a wider perspective, the Africa-Arabia breakup was accompanied by renewal of the tectonic activity along the Levant continental margin. The fault described here adds another piece of evidence to this process.
